Individual Escherichia coli strains produce several cell surface polysaccharides. In E. coli E69, the his region of the chromosome contains the rfb (serotype O9 lipopolysaccharide O-antigen biosynthesis) and cps (serotype K30 group IA capsular polysaccharide biosynthesis) loci. Polymorphisms in this region of the Escherichia coli chromosome reflect extensive antigenic diversity in the species. Previously, we reported a duplication of the manC-manB genes, encoding enzymes involved in GDP-mannose formation, upstream of rfb in strain E69 (P. Jayaratne et al., J. Bacteriol. 176:3126-3139, 1994). Here we show that one of the manC-manB copies is flanked by IS1 elements, providing a potential mechanism for the gene duplication. Adjacent to manB 1 on the IS1-flanked segment is a further open reading frame (ugd), encoding uridine-5-diphosphoglucose dehydrogenase. The Ugd enzyme is responsible for the production of UDP-glucuronic acid, a precursor required for K30 antigen synthesis. Construction of a chromosomal ugd::Gm r insertion mutation demonstrated the essential role for Ugd in the biosynthesis of the K30 antigen and confirmed that there is no additional functional ugd copy in strain E69. PCR amplification and Southern hybridization were used to examine the distribution of IS1 elements and ugd genes in the vicinity of rfb in other E. coli strains, producing different group IA K antigens. The relative order of genes and, where present, IS1 elements was established in these strains. The regions adjacent to rfb in these strains are highly variable in both size and gene order, but in all cases where a ugd homolog was present, it was found near rfb. The presence of IS1 elements in the rfb regions of several of these strains provides a potential mechanism for recombination and deletion events which could contribute to the antigenic diversity seen in surface polysaccharides.
Capsular polysaccharides are produced by a wide range of bacteria. In Escherichia coli, these covalently surface-bound structures are distinguished by serological methods, where they are termed K antigens. Over 70 serologically distinct K antigens have been identified in E. coli (34) . These polymers may function in the protection of the cell from nonspecific host defenses, such as complement opsonization or phagocytosis, or may prevent a specific immune response by mimicking host antigens (47) .
K antigens of E. coli have been classified into two broad groups (I and II) based on (i) structure, (ii) terminal lipid moieties, (iii) location and organization of genetic loci involved in their synthesis, (iv) coexpression with other surface polysaccharides, and (v) regulation of expression (20, 47) . A further group (III) of K antigens has been identified only recently, and preliminary data indicate shared features between these K antigens and both group II and group I capsules (12) . This laboratory focuses on organisms producing group I K antigens. These are further subdivided into groups IA and IB based on structure; group IB K antigens contain amino acids and amino sugars, which are not found in group IA structures (20, 47) . Group I K antigens are produced in two structural forms (10, 19, 26) . The first is as a high-molecular-weight polysaccharide which forms the capsule structure but whose mechanism of attachment to the cell remains in question. The second form is part of a lipopolysaccharide (LPS) molecule (termed K LPS ), and LPS lipid A-core is therefore used as an acceptor for both traditional O antigens as well as one form of the group I K antigens. While group IB K LPS molecules have high-molecularweight K-antigen polymer attached to lipid A-core (10, 19) , group IA K LPS contains a short K-antigen oligosaccharide with only one or a few K-repeat units (10, 26) . Recent evidence (2, 10, 15) indicates that polymerization of group IB K LPS is influenced by the product of the wzz (formerly rol or cld) gene (35) . The Wzz protein regulates the chain length of some lipid A-core-linked polysaccharides, and its function has been described primarily in the synthesis of O antigens (46) . The wzz gene is absent from the chromosome of strains with group IA K antigens, leading to the formation of unregulated K LPS with only limited polymerization of the K-antigen chain (2, 10) .
E. coli E69 (O9:K30) is the prototype strain producing a group IA K antigen used by our laboratory. Although the K30 cps cluster has not been cloned or mapped in detail, available data point to a location at approximately 45 min on the E. coli chromosome, near his (the operon responsible for histidine biosynthesis) and rfb (the cluster responsible for O9 antigen biosynthesis) (24, 37, 48) . The rfb cluster, responsible for the synthesis and expression of the O9 antigen, has been cloned and partially sequenced from strain E69 (21) , and a complete sequence is available for the rfb cluster from a different O9 strain (22) . These data place the rfb cluster between his and gnd (encoding gluconate-6-phosphate dehydrogenase). This larger region of the E. coli chromosome is expected to be polymorphic, given the extensive diversity of O-antigen and K-antigen serotypes. For example, the wzz gene is located in this region of the chromosome in many members of the family Enterobacteriaceae but is absent in E. coli strains with group IA K antigens (10, 15) . The complexity of this region is compounded by the observation that E. coli E69 (O9:K30) has an unusual duplication of the manB and manC genes found at the beginning of the rfb cluster (21) . These genes encode phospho-mannomutase and GDP-mannose pyrophosphorylase, respectively, and are required for the formation of GDP-mannose, a precursor required for formation of both the K30 and O9 polysaccharides.
The research reported here was undertaken in order to clarify (i) the nature of the duplication seen in E. coli E69 and (ii) the chromosomal organization of the his-rfb-gnd region in E. coli strains with group IA K antigens. The results show that the duplication seen in E. coli E69 is mediated by repeated IS1 elements that flank a region containing one copy of manCmanB and a third gene, ugd, the structural gene for UDPglucose dehydrogenase. Analysis of a collection of strains with group IA K antigens demonstrated extreme polymorphism in the his-rfb-gnd region, perhaps resulting from IS1-mediated recombination and deletion events.
MATERIALS AND METHODS
Bacterial strains, bacteriophages, and growth conditions. The E. coli strains used in this study are as described in Table 1 . Strains were routinely grown and maintained in Luria-Bertani (LB) broth (29) . Growth was at 37°C unless otherwise specified. When necessary, antibiotics were added at the following concentrations: ampicillin, 100 g/ml; chloramphenicol, 34 g/ml; and gentamicin, 30 g/ml. Bacteriophages specific for strains with the O9 antigen (O9-1 [27] ) and the K30 antigen (ØK30 [18] ), have been described elsewhere.
Cell surface polysaccharide analysis. Small-scale LPS preparations were made from sodium dodecyl sulfate (SDS)-proteinase K whole-cell lysates by the method of Hitchcock and Brown (17) . Commercially prepared 10 to 20% gradient tricine SDS-polyacrylamide gels were obtained from Novex (San Diego, Calif.), and polyacrylamide gel electrophoresis (PAGE) conditions were those recommended by the manufacturer. Silver staining (43) and Western immunoblotting (2, 32) procedures were as described elsewhere, as was the production of polyclonal rabbit anti-K30 serum (10) .
DNA methods. DNA sequencing was carried out by the Mobix facility (McMaster University, Hamilton, Ontario, Canada), and oligonucleotide primers were obtained from either Mobix or Gibco/BRL. PCRs were carried out in a Perkin-Elmer GeneAmp PCR System 2400 thermocycler, using conditions optimal for each primer pair and either Taq or rTth polymerase from Boehringer Mannheim and Perkin-Elmer, respectively, depending on the size of the amplified fragment. PCR primer sequences are as follows: JD3, 5Ј-TCCGGTACAG GTTATGTTGG-3Ј; JD10, 5Ј-ATAAGATGCCCATCTAGTCG-3Ј; JD18, 5Ј-A ACAGATCGCGGGTGTAAAC-3Ј; JD19, 5Ј-GATGCTGCCAACTTACTGA T-3Ј; PAA2, 5Ј-CTCCCGTGAAAAGACCGAAGAAGTTAT-3Ј; PAA6, 5Ј-CA TTCCGGCAGCGTTTTGGATA-3Ј; PAA12, 5Ј-CTTCACCGGAGAAATAC CAGGCATG-3Ј; and PAA13, 5Ј-AGGTGGACTGGTTCTCGGACAACAG-3Ј. The locations of these sequences in the gnd-rfb region of the E. coli O9:K30 chromosome are shown in Fig. 1 . Plasmid DNA was purified by using spin columns or midi-columns obtained from Qiagen. Restriction endonuclease digestion was carried out by using enzymes from Gibco/BRL or from Pharmacia according to the manufacturer's directions. Restriction fragments were separated by agarose gel electrophoresis and purified by using GeneClean (Bio101). Ligations were carried out by using T4 DNA ligase from Boehringer Mannheim according to the manufacturer's directions. Plasmids were introduced into E. coli strains by electroporation, performed as described elsewhere (6), using a Gene Pulser from Bio-Rad Laboratories. For Southern hybridization, DNA fragments in agarose gels were depurinated with 0.25 M HCl for 30 min, denatured in 1ϫ denaturation solution (0.5 M sodium hydroxide, 1.5 M sodium chloride) for 30 min and then in 0.5ϫ denaturation solution for 30 min, and transferred to positively charged nylon membranes by an alkaline transfer method, using 0.5ϫ denaturation solution for 3 h (28). Blots were neutralized in 2ϫ SSC (1ϫ SSC is 0.15 M sodium chloride and 0.015 M sodium citrate, pH 7.0) for 15 min, and DNA fragments were then cross-linked to the membrane by using a Stratagene UV Stratalinker. For high-stringency conditions, prehybridization was carried out at 42°C in a solution of 5ϫ SSC, 2% blocking reagent (Boehringer Mannheim), 50% formamide, 0.1% N-lauroylsarcosine, and 0.02% SDS for a minimum of 2 h. For low-stringency conditions, the temperature was reduced to 37°C and the prehybridization solution contained only 30% formamide. Hybridization was carried out overnight in prehybridization solution containing denatured probe. High-stringency washes consisted of three 5-min washes in 2ϫ SSC containing 0.1% SDS at room temperature, followed by two 15-min washes in 0.1% SSC containing 0.1% SDS at 68°C. Low-stringency washes consisted of three 20-min washes in 2ϫ SSC containing 0.1% SDS at room temperature. Probes to ugd and insB consisted of internal fragments generated from pWQ629 by PCR amplification using the primer pairs JD3-JD18 and JD9-JD10, respectively. Gene probes were labeled by using a digoxigenin-labeling kit from Boehringer Mannheim. Southern blots were developed by using Lumigen PPD as a substrate. DNA and amino acid homologies were found by using BLAST (1) .
Chromosomal insertion mutations. Inactivation of the chromosomal ugd gene was carried out by using pMAK705, a temperature-sensitive suicide vector (16) . The gentamicin resistance (Gm r ) cassette from plasmid pUCGM (38) was excised on a BamHI fragment and cloned into BclI-digested pWQ629 ( pMAK705, generating pWQ110. This construct was then used to select for a double-crossover event giving a gene replacement in E. coli E69. Mutants were selected by the method of Hamilton et al. (16) , with modifications. Briefly, the pMAK705 derivative was transformed into E. coli E69 by electroporation, and throughout the subsequent steps, selection was maintained in medium supplemented with gentamicin. Transformants were selected at 30°C on LB, and individual isolates were screened for presence of the plasmid. Several isolates were then independently grown to exponential phase in broth at 30°C prior to plating on prewarmed (44°C) LB plates. Individual isolates were transferred to broth at 44°C, and the absence of an autonomously replicating plasmid was confirmed. These isolates were then subcultured twice in LB at 30°C, and the temperature shift was repeated before plating at 30°C. Individual colonies were then tested for resistance to gentamicin and sensitivity to the vector chloramphenicol marker. Nucleotide sequence accession number. The sequence of the manB 1 -manC 2 intervening region is available in GenBank under accession no. U90519.
RESULTS AND DISCUSSION
IS1 elements flank the duplication in the rfb region of E. coli E69. The physical map of the rfb region of E. coli E69 is shown in Fig. 1 , and the duplicated copies of manB and manC are differentiated by superscripts. The individual ORFs of the manB and manC isogenes are highly conserved. However, a unique sequence is available upstream and in the 5Ј-terminal part of each manC isogene and downstream and in the 3Ј termini of the manB isogenes. This provided distinguishing features which could be exploited by PCR to identify the isogenes (21) . Subsequent nucleotide sequence analysis has identified an IS1 element between gnd and manB 1 . This region contains two ORFs, displaying Ͼ99% nucleotide homology to the IS1E element found on the E. coli K-12 chromosome (44) . The element consists of flanking imperfect inverted repeats, 16 bp in length, and two ORFs. In IS1, these ORFs are termed insA and BЈ-insB (25) . Normally, a truncated protein (InsA) is produced. However, in order to allow transposition of the element, a translational frameshift occurs, resulting in the production of the full-length transposase (39) . The IS1 element in the gnd-manC 1 region is flanked by inverted repeats at positions 609 to 597 and 1358 to 1345 (all nucleotide positions listed are relative to the numbering in Fig. 1 ). Direct repeats of sequence TATTATAGA are found at positions 519 to 511 and 1407 to 1399, and these are caused by insertion of the element.
To determine whether insertion sequences (ISs) could be responsible for the duplication of manB-C, further nucleotide sequence was determined for the region between manB 1 and manC 2 , using the fragment cloned on the pUC19-based recombinant plasmid pWQ629 (21) (Fig. 1) . The sequence flanked by manB 1 and manC 2 contained three ORFs, identified initially by homology to known genes. One ORF was found to be ugd, encoding UDP-glucose dehydrogenase (see below). The remaining two ORFs identified a second IS1E element. Inverted repeats were found spanning nucleotides 5940 to 5956 and 6690 to 6707, and flanking direct repeats of the sequence GATGGGCAT were identified at nucleotides 5872 to 5881 and 6735 to 6744. The BЈ-insB ORF in this second IS1 element contains a point mutation at nucleotide 6628 which results in a stop codon (TAA) instead of a codon encoding serine (TCA). This would lead to a truncated, and possibly nonfunctional, transposase. However, this would not prevent transposition, as the E. coli chromosome contains multiple copies of IS1.
Location of ugd in E. coli E69. Only one other ORF was identified with manB 1 -manC 2 between the IS1 elements. This ORF has a size of 1,167 bp and begins at nucleotide 4445 (Fig.  1) . A database search revealed high levels of homology between this ORF and ugd genes. The ugd gene encodes UDPglucose dehydrogenase, which is responsible for the production of UDP-glucuronic acid. The K30 polysaccharide contains mannose, galactose, and glucuronic acid (14) , and based on other bacterial systems, UDP-glucuronic acid is an expected biosynthetic precursor (40) . The predicted Ugd protein from E. coli E69 is 388 amino acids in length and displays 86.6% amino acid similarity to KfiD from E. coli K5 (41) and 72.2% similarity to HasB from Streptococcus pyogenes (11) . KfiD and HasB are involved in capsular polymer synthesis, and UDPglucose dehydrogenase enzymatic activity has been confirmed for both enzymes. High degrees of similarity to predicted Ugd proteins from E. coli O8, E. coli O111, Salmonella enterica LT2, Vibrio cholerae O139, and Shigella flexneri 2A were also detected ( Table 2 ). The Ugd of E. coli O8 is required for synthesis of the group IB K antigen (2) .
Inactivation of the ugd gene results in loss of the K30 phenotype. The presence of the putative ugd on a compound transposon within the rfb region could indicate that this copy of ugd was introduced into the E69 chromosome from another organism or duplicated from another region of the E69 chromosome. Thus, it may not be the only copy of ugd present on the chromosome and hence could be expendable as far as K30 antigen synthesis is concerned. Southern hybridizations using an internal PCR fragment of the putative ugd gene as a probe (Fig. 1) indicated that there is only one copy of ugd on the E69 chromosome (13), but this did not rule out an additional gene of low sequence homology. To directly address the involvement of the ugd ORF in K30 synthesis, we constructed a chromosomal mutation in which the majority of the ugd gene was replaced with a Gm r cassette. Data for one representative mutant (CWG289) are presented. The Gm r insertion in CWG289 was confirmed by Southern hybridization analysis using an internal ugd fragment and the Gm r cassette as probes. Strain E69 DNA showed no hybridization with the Gm r probe, and the results for CWG289 were those predicted from the sequence and physical map data (13) .
The K30 phenotypes of CWG289 and the E69 parental strain were first examined by sensitivity of the strains to K30-and O9-specific phages. Strain E69 is ØK30 s and O9-1 r because the K30 capsule masks the O9 LPS (48) . Loss of K30 antigen leads to the CWG289 phage sensitivity profile (ØK30 r O9-1 s ). In SDS-PAGE ( Fig. 2A) , strain CWG289 still displays O9-substituted LPS production, as expected, but is missing the band in the core region which represents the major K LPS species, containing a single repeat unit of K30 antigen (26) . All capsule-deficient strains have similar LPS profiles in SDS-PAGE, and the K LPS band is absent; CWG28 is a K30-deficient prototype described previously (48) . A Western immunoblot of these samples (Fig. 2B ) using K30-specific polyclonal antibody shows the characteristic single band of K LPS and a smear of high-molecular-weight K30 antigen in the parental strain and in strain CWG44 (O Ϫ :K30) (10). CWG28 and CWG289 both lack K30 antigen. Obvious differences were evident in the amount and size distribution of O9 smooth LPS (S-LPS) in K30 ϩ and K30 Ϫ derivatives. This could reflect the availability of the of lipid A-core, which serves as the acceptor for both O9 antigen and K30 K LPS . These analyses indicated that the ugd gene encodes a product which is both functional and essential for K30 antigen synthesis.
Localization of the chromosomal deletion in the rfb region of strain CWG44. There are at least eight copies of IS1 on the chromosome of E. coli E69, although the only ones found in the vicinity of rfb are those already described above (13) . Spontaneous O Ϫ :K30 mutants arise in strain E69 with a higher frequency than predicted by spontaneous mutation (45) , and IS1-mediated deletions could explain this phenomenon. To pursue this, the gnd-rfb region was examined in strain CWG44. Strain CWG44 is a spontaneous deletion derivative of strain E69 which retains the K30 antigen but lacks O9 S-LPS due to a deletion in the rfb region (21) . Previous experiments had determined that the second copy of manC 2 -manB 2 was absent in this strain (21) . Thus, the copies of manB 1 and manC 1 present on the compound transposon are functional and are sufficient for K30 antigen biosynthesis (21) . These results, together with the presence of a functional ugd gene in this strain, indicate that the start of the deletion in this strain lies downstream of ugd (which is essential for K30 antigen formation).
To precisely map the endpoints of this deletion, the larger gnd-wbdA region was amplified by PCR using primers PAA2 and PAA12. The CWG44 product of 8 kb is significantly smaller than the equivalent product from strain E69 (18 kb), indicating that the deletion in CWG44 spans a large segment of the rfb region. Nucleotide sequence data for the CWG44 fragment showed that the deletion begins one nucleotide downstream of the inverted repeat and extends into the rfb region, ending 60 nucleotides upstream of the wbdA ORF ( Fig.  1) (13) . This eliminates wzm and wzt, which encode an ABC-2-type transporter required for O9 antigen export, and wbdA, whose product has not been functionally characterized (22) . Since the IS1 element and inverted repeat sequence down- stream of ugd are intact, the deletion in CWG44 is not simply explained by loss of an IS1 element and flanking DNA. Polymorphism in the gnd-wzm region of E. coli strains producing group IA capsules. The discovery of an IS-mediated duplication in E. coli E69 raised questions concerning the distribution of IS1 elements in the equivalent regions of E. coli strains producing other group IA K antigens. Some of these strains were previously examined for manB and manC sequences, and although polymorphisms were noted, no conclusions could be made concerning duplication of these genes in the additional strains (21) . With the exception of strain E69, which contained duplicated manB and manC, most of the strains examined here contained manB 2 and manC 2 (Table 3) . To examine the region in more detail, PCR primers were designed to amplify two overlapping regions: gnd-manC (primer pair PAA2-PAA13) and gnd-wzm (PAA2-PAA6). The amplification products obtained were examined by Southern hybridization under high-stringency conditions using an internal ugd probe and with an IS1-specific probe internal to the insA and BЈ-insB genes. The sizes of the PCR products obtained were quite variable (Table 3) .
The gnd-manC fragment from E. coli E69 is 3.6 kb in size, and the intervening region comprises IS1 (760 bp) and 240 bp of additional DNA ( Fig. 1; Table 3 ). The equivalent fragment from 6 of 10 strains with unique group IA K antigens produced a gnd-manC fragment of approximately 2.9 kb, accommodating only approximately 300 bp of intergenic DNA between gnd and manC. As expected from this small size, no hybridizations to either IS1 or ugd were seen. In strains where the gnd-manC fragment was larger, the region contained either ugd or IS1 or (in strain E75) both. To determine whether the lack of ugd in some gnd-manC fragments reflected an alteration of the gene order within this region, or an entirely different location for ugd on the chromosome, attempts were made to amplify the larger gnd-wzm region. The DNAs of 4 of the 10 strains did not yield a PCR fragment. Three of these were the only representatives of serogroup O8, and the negative result probably reflects sequence variation in wzm, since the gnd primer PAA2 works in other combinations with these strains. Amplification of the larger region (Ͼ18 kb) facilitated detection of ugd in three additional strains (2146, Bi161-42, and Su3973-41 [ Table  3 ]). In strains E75, 2150, and 2151, the size difference between gnd-wzm and gnd-manC is approximately 2 kb. Based on the known sequence of the O9 rfb cluster, this size would not accommodate any additional non-rfb DNA. No clear correlation was observed in PCR fragment sizes, the presence and location of IS1 and ugd, and previously reported data (21) for the isogenes of manB and manC.
One strain, 2150 (O9:K37), contained no ugd-homologous DNA on either PCR fragment. A negative result was also obtained when digested chromosomal DNA from E. coli 2150 was examined by Southern hybridization using the internal ugd probe, even under conditions which would detect 50% sequence homology (13) . This ruled out a different chromosomal location for ugd as a simple explanation. The K37 antigen contains an unusual acidic residue, 4-O-[(S)-1-carboxyethyl]-Dglucopyranosyluronic acid, in its repeat unit (14) . The process for biosynthesis of this residue is unknown but most likely occurs via UDP-glucuronic acid. Consequently, one would predict that this strain would have ugd. The negative hybridization result suggests that this gene must be highly divergent.
From these results, we were able to establish the relative order of the gnd, manC, ugd, and wzm genes as well as the IS1 elements on the chromosome (Table 3) . However, in some strains, the presence of large additional segments of uncharacterized DNA means that further ORFs could also be located in these regions. No attempt has been made to resolve the detailed arrangement of these regions, other than to note the extreme polymorphism(s). IS1 elements may have contributed to the polymorphisms and rearrangements in gene order.
Conclusions. IS elements may be responsible for several types of genetic rearrangement and have been detected in (or near) genetic loci responsible for expression of cell surface polysaccharides in a variety of bacteria. Single IS elements may interrupt chromosomal genes by inserting within them. For example, the rfb region of some K-12 strains contains a mutation resulting from an IS5 element which interrupts the last gene of the cluster, the putative rhamnose transferase, and prevents O-antigen synthesis (42) . An IS element (ISAS1) is also responsible for mutation to O-antigen deficiency in some isolates of Aeromonas salmonicida (8) . An IS element has also been found within the rfb gene cluster of Pseudomonas aeruginosa O5, although it does not inactivate O-antigen expression (7) . Pairs of insertion sequences, on the other hand, may lead In several members of the Enterobacteriaceae, such as S. enterica serovar Typhimurium (4), E. coli O111 (4), and Shigella flexneri 2a (31) , which all produce heteropolysaccharide O antigens, the gene order in the his-gnd region of the chromosome is conserved: his-wzz-ugd-gnd-rfb. In contrast, the organization of the equivalent region in all tested E. coli strains with group IB capsular antigens is his-rfb O8/O9 -wzz-ugd-gnd (2) . Both wzz and ugd are involved in expression of group IB K antigens. One interpretation of this organization is that the group IB K antigen locus is allelic with the rfb gene clusters in strains with heteropolysaccharide (and wzz-dependent) O antigens, and the rfb O8/O9 locus represents an additional acquired locus (2) .
Strains with group IB K antigens do not contain IS1 elements in their gnd-rfb regions (13) , and the organization of the relevant chromosomal regions is conserved across group IB K serotypes (2) . Although some strains with group IA K antigens (E75, 2151, and 2150) have a gene order (gnd-ugd-manC) resembling those with group IB K antigens, all group IA Kantigen producers lack wzz (10) . The divergence between the gnd-rfb regions of strains with group IA and IB K antigens indicates that these bacteria are not separated solely by the composition and structure of their K antigens (20, 47) . The presence of ugd in the gnd-rfb region of both group IA and group IB strains suggests that this may have occurred early in evolution, before antigenic diversification, and that gnd-ugdwzz-manC may be the ancestral gene order of the group I lineage. The acquisition and subsequent loss of an IS element in the rfb region of a progenitor of strains expressing group IA K antigens could have resulted in both the loss of the wzz gene and the genetic diversity observed in the region.
In E. coli E69, retention of the IS1 elements is favored because they flank a ugd gene whose product is essential for the capsular K antigen. Group IA K antigens are implicated as virulence determinants (47) . Also, deletions to the right (in Fig. 1 ) of the IS1-flanked region eliminate part of rfb, giving rise to an O Ϫ :K30 phenotype as in strain CWG44. Deletions removing part of rfb O9 would also have a significant impact on virulence since O9 S-LPS is required for resistance to complement-mediated serum killing (27) . Together, these two factors provide selective pressure for the retention of the IS elements.
